Over the past 10 years many studies from several laboratories defined anticarcinogenic and anti-inflammatory effects of tea, a widely consumed beverage by the human population. Much of such work has been conducted with green tea or its polyphenolic constituents. Regarding black tea, studies have shown that its water extract affords protection against tumor promotion caused by chemical carcinogens or ultraviolet B radiation in murine skin carcinogenesis models. Several studies have shown that topical application of chemical tumor promoters to murine skin results in the induction of epidermal edema, hyperplasia and ornithine decarboxylase (ODC) and cyclo-oxygenase activities, and interleukin -1 alpha (IL-1α) and ODC mRNA expression. In this study, we assessed whether topical application of polyphenols isolated from black tea leaves (hereafter referred to as BTP) mainly consisting of theaflavine gallates and (-)-epigallocatechin-3-gallate, inhibits phorbol ester tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA)-caused induction of these markers of inflammatory responses in murine skin. Topical application of BTP (6 mg in 0.2 ml acetone/animal) 30 min prior to TPA application on to the mouse skin resulted in significant inhibition against TPA-caused induction of epidermal edema (40%, P < 0.01), hyperplasia (57%, P < 0.005), leukocytes infiltration (50%), and induction of epidermal ODC (57%) and pro-inflammatory cytokine IL-1α mRNA expression (69%). Pre-application of BTP to that of TPA also resulted in significant inhibition of TPA-caused induction of epidermal ODC (23-73%, P < 0.005-0.0001), and cyclo-oxygenase, in terms of prostaglandins metabolites formation (38-65%, P < 0.01-0.0005), enzyme activities. Our data indicate that the inhibition of TPA-caused changes in these markers of inflammatory responses in murine skin by BTP may be one of the possible mechanisms of chemopreventive effects associated with black tea against tumorigenesis. The results of this study suggest that black tea, specifically polyphenols present therein, may be useful against cutaneous inflammatory responses in human population.
Introduction
A number of natural compounds have been shown to possess chemopreventive potential to chemically-induced carcino-genesis in several tumor model systems. In the last decade extensive studies have shown that tea, a popular beverage from the dried leaves of Camellia sinensis and consumed worldwide, possesses cancer chemopreventive properties (1, 2) in animal tumor model systems and possibly in humans. Based on its manufacturing process, tea is found mainly in two forms: green and black tea. Green tea manufacturing utilizes fresh tea leaves steaming or roasting to destroy tea leaf polyphenol oxidase enzymes. However, the procedure for the manufacturing of black tea is quite different from that of green tea. In the process of black tea manufacturing, tea leaves undergo withering, rolling (to liberate the enzymes), fermentation (endogenous enzyme-dependent oxidation) and then firing (destroying the enzyme polyphenol oxidase, thus limiting the oxidation) (3) . Most of the cancer chemopreventive studies have been performed using green tea or the polyphenolic constituents present therein against chemical carcinogens in many animal tumor bioassay systems, as well as against ultraviolet radiation-induced skin carcinogenesis (reviewed in 1,2). Because of extensive published data from this and other laboratories on anticarcinogenic and anti-inflammatory effects of green tea, at the current time one can find many cosmetic items marketed by various companies supplemented with green tea extract. However, much less is known about the cancer chemopreventive potential of black tea in skin, despite the fact that Ͼ80% of the world tea consumption is black tea (1, 2) .
The chemistry of polyphenols in tea has been described earlier (1) (2) (3) . Defined polyphenols in black tea are theaflavins and their gallate derivatives. Theaflavins are formed during the manufacture of black tea from the enzymic oxidation of the catechins which include catechin, epicatechin, gallocatechin and catechin gallates, etc., by polyphenol oxidase. The chemical structures of theaflavins and their gallate esters are shown in Figure 1 . Black tea also contains substantial quantities of thearubigens, more complex polyphenols of less well-defined chemical structures. Cancer chemopreventive studies with water extract of black tea, used as a sole source of drinking water demonstrated the anti-tumorigenic effect in skin (4), lungs (5,6) and liver (7). Miller et al. (8) reported the antioxidant properties of theaflavins and their gallate esters by investigating their abilities to scavenge free radicals in the aqueous and lipophilic phases.
Several studies have shown that skin applications of most tumor-promoting agents result in inflammatory responses, e.g. development of epidermal edema, hyperplasia, dermal inflammation and induction of pro-inflammatory cytokine interleukin-1alpha (IL-1α*), and induction of ornithine decarboxylase (ODC) and cyclo-oxygenase activities (9) (10) (11) (12) . Because inflammation is considered to be an early event in carcinogenesis, particularly in tumor-promoting stage, in the present study, we assessed the effect of pretreatment of black tea polyphenols (BTP) to SENCAR mouse skin on TPA-induced cutaneous edema, epidermal hyperplasia, and IL-1α and ODC mRNA expression, and ODC and cyclo-oxygenase activities in the epidermis. P]Deoxycytidine 5Ј-triphosphate (dCTP) (6000 Ci/ mmol) and GeneScreen nitrocellulose membrane were purchased from Du Pont, NEN (Boston, MA). cDNA of glyceraldehyde-3-phosphate dehydrogenase (G3PDH), which was used as a control, was obtained from Stratagene (LaJolla, CA). Guanidine thiocyanate was a product of Fluka (Ronkonkoma, NY) and agarose was obtained from Fisher Scientific (Springfield, NJ). The chemicals used for RNA isolation and Northern blot analysis were of molecular biology grade and RNAse free. The plasmid pmIL1AcDNA, which contains the murine IL-1 cDNA was obtained from American Type Culture Collection (Rockville, MD). The mouse ODC cDNA probe was obtained as described earlier (13) . BTP was obtained from the Thomas J.Lipton Tea Company (Englewood Cliffs, NJ). BTP was prepared by extracting black tea leaves water extracts with ethyl acetate, and the ethyl acetate fraction was decaffeinated by methylene chloride and then freeze-dried. BTP thus obtained contained 13% theaflavins, 17% (-)-epigallocatechin-3-gallate, 11% (-)-epicatechin-3-gallate, 7% (-)-epicatechin and 2% (-)-epigallocatechin. All other chemicals were obtained in the purest form commercially available. Animals Six-to seven-week-old female SENCAR mice were obtained from HarlanSprague-Dawley, Indianapolis, IN. These mice were housed four per cage, and were acclimatized for 1 week before use and subjected to a 12-h light/ 12-h dark cycle, housed at 24 Ϯ 2°C and 50 Ϯ 10% relative humidity. Animals were fed Purina chow diet and water ad libitum.
Materials and methods

Chemicals
Treatment of animals for in vivo studies
The animals were shaved on the dorsal side of the skin, divided into three groups of eight each, and treated topically on the shaved area with either 0.2 ml vehicle (acetone), TPA (5 µg/animal/0.2 ml acetone), BTP alone (3 or 6 mg/animal/0.2 ml acetone, v/v) or BTP (3 or 6 mg/animal/0.2 ml acetone, v/v) followed 30 min later with TPA (5 µg/animal/0.2 ml acetone). Animals were killed either 6 h after the TPA treatment (for ODC activity, and ODC and IL-1α mRNA expression) or after 24 h (for cyclo-oxygenase activity). Treated area of the skin was used either for the determination of enzyme activity or mRNA expression. The epidermis was separated from the whole skin and homogenized in 0.1 M Tris-HCl buffer, pH 7.2 using a polytron tissue homogenizer and 100 000 g supernatant and microsomal fractions were prepared respectively for determining the ODC and cyclo-oxygenase activities as described earlier (13) .
Assay of ornithine decarboxylase enzyme activity ODC activity was determined utilizing 0.4 ml of epidermal 100,000g supernatant fraction per assay tube by measuring the release of 14 (15) . The details of the assay procedure are described earlier (16) . Enzyme activity is expressed as pmol CO 2 released/h/mg protein. Protein concentration was determined by the method of Bradford (17) .
Assay of cyclo-oxygenase enzyme activity
Epidermal microsomal cyclo-oxygenase activity was determined by the method described earlier (18) . In brief, 150 µl reaction mixture contained 12 µM Eight animals in each group were treated topically with either 0.2 ml acetone alone or indicated doses of BTP in 0.2 ml of acetone 30 min prior to that of 5.0 µg TPA in 0.2 ml acetone, or 5.0 µg TPA in 0.2 ml acetone alone. Animals were killed by cervical dislocation 6 h after TPA treatment and ODC activity was determined as described in Materials and methods. Data represent the mean Ϯ SEM of four values; epidermis from two animals was pooled for each determination. P Ͻ 0.005-0.0001 in case of TPA alone versus 1, 3 or 6 mg BTP plus TPA groups. (b) Inhibitory effect of topical application of BTP on TPA-induced epidermal ODC mRNA expression in SENCAR mice. Six animals in each group were treated topically with either 0.2 ml acetone alone, or 6 mg BTP in 0.2 ml acetone alone, or 5.0 µg TPA in 0.2 ml acetone alone, or 6 mg BTP in 0.2 ml acetone 30 min prior to that of 5.0 µg TPA in 0.2 ml acetone. Animals were killed 6 h after TPA treatment. In each case three epidermis samples were pooled, and total RNA was isolated. In each lane 20 µg of RNA was used and the blot was hybridized to 32 P-labeled ODC cDNA probe, the same blot was stripped and reprobed with 32 P-labeled G3PDH cDNA as a control for gel loading. Other details are described in Materials and methods.
and ™10 µg epidermal microsomal protein in 50 mM potassium phosphate buffer, pH 7.4. After incubation at 37°C for 15 min, the reaction was terminated by the addition of 50 µl of 0.2 M HCl. The radioactive prostaglandin metabolites (PGE 2 , PGF 2α and PGD 2 ) of [ 14 C]arachidonic acid were detected by thin layer chromatography as described earlier (18) . The radioactivity profile of each metabolite was determined by counting the samples in a Beckman Model LS-6K SC liquid scintillation counter equipped with automatic external standardization.
Inhibition of inflammatory responses by black tea
Edema, hyperplasia and leukocytes infiltration
To assess the inhibitory effect of pre-application of BTP on TPA-induced edema, 1-cm diameter punch of the skin from vehicle, TPA-or BTP ϩ TPAtreated animals were removed, made free of fat pads and quickly weighed. After drying for 24 h at 50°C, the skin punch were reweighed and the loss of water content was determined. The difference in the amount of water gain between vehicle control and TPA represented the extent of edema induced by TPA, whereas that between vehicle control and BTP plus TPA represented the inhibitory effect of BTP. For hyperplasia study, skin was removed, fixed in 10% formalin, and embedded in paraffin. Vertical sections (5 µm) were cut, mounted on a glass slide, and stained with hematoxylin and eosin. For each section of the skin, the thickness of the epidermis from the basal layer to stratum corneum was measured at five equidistant interfollicular sites utilizing Nikon YS2, Alphaphot-2 (Japan) equipped with an occular micrometer. Number of infiltrating leukocytes were counted at least at eight different places of the dermis in the unit area (0.25 mm 2 , ϫ20 magnification) of each section in each group under the same microscope by utilizing marked grid (Nikon YS2, Japan)
Isolation of total RNA and northern blot analysis
The treated area of the dorsal skin was removed, epidermis separated and homogenized in 4 M guanidine thiocyanate lysis buffer employing a tissue homogenizer (Tekmar, Tissuemizer, Cincinnati, OH), and total RNA was extracted by the Chomozynski and Sacchi method (19) with some modification as described earlier (20) . The concentration of total RNA was determined by measuring the absorbance at 260 nm in a Beckman DU 640 spectrophotometer. Total RNA (20 µg) was electrophoresed through a 1.2% agarose gel containing 6% formaldehyde and transfered onto a nitrocellulose membrane. The membrane was UV-cross-linked (1200 mJ/cm 2 ), vacuum-dried at 80°C for 2 h, prehybridized at 42°C for 2-3 h and then hybridized to the 32 P-labelled ODC cDNA probe pOD48 (sp. act. 1.5ϫ10 6 cpm/ml) overnight at 42°C. The ODC cDNA, a fragment of about 2.1 kb was labelled with [α-32 P] dCTP using a random-primer DNA labelling kit (GIBCO BRL, Gaithersburg, MD). In case of IL-1α, prehybridized nitrocellulose membrane was hybridized with the 32 Plabelled IL-1α cDNA probe. The IL-1α cDNA, a fragment of 2.0 kb, was isolated by digesting pmIL1AcDNA with BamHI plus HindIII, and was labelled with [ 32 P]dCTP similar to ODC cDNA. After hybridization, the nitrocellulose membranes were washed twice for 15 min each time in low stringency buffer (2ϫSSC and 1.0% sodium dodecyl sulfate, SDS) at room temperature and once in high stringency buffer (1ϫSSC and 0.5% SDS) at 45-50°C. Membranes were autoradiographed using Kodak XAR-5 film with intensifying screens at -70°C. The same membranes after stripping, were rehybridized to 32 P-labelled G3PDH cDNA to verify equal loading of RNA onto the gel. The autoradiographs were scanned with a densitometer (Microtek International Inc., Taiwan), and the results were integrated and normalized to the value for G3PDH.
Results
Inhibition of TPA-caused induction of epidermal ODC activity by BTP
In order to determine the optimal effective dose of BTP against the TPA-caused induction of epidermal ODC activity in SENCAR mice, groups of animals were treated topically with varying doses of BTP (1, 3 or 6 mg BTP/0.2 ml acetone/ animal) 30 min prior to topical application of TPA (5 µg/ animal). As shown in Figure 2a , pretreatment of animals with BTP resulted in a dose-dependent inhibition of the TPA-caused induction of epidermal ODC activity. At the maximum dose of BTP (6 mg), used in this study, 73% inhibition (P Ͻ 0.0001) was observed (Figure 2a) . Lower doses of BTP also resulted in significant inhibition in ODC activity. At the doses of 1 and 3 mg BTP/animal 23% (P Ͻ 0.005) and 59% (P Ͻ 0.0005) inhibition, respectively, occurred in ODC activity. Topical application of BTP alone up to 6 mg per animal was without any effect on basal epidermal ODC activity. Inhibition of TPA-caused induction of epidermal ODC mRNA expression by BTP Next, we assessed the effect of skin application of BTP on TPA-caused enhanced expression of ODC mRNA in the epidermis. Because topical application of 6 mg dose of BTP Fig. 3 . Inhibitory effect of topical application of BTP on TPA-induced epidermal cyclo-oxygenase activity. Cyclo-oxygenase activity was determined in epidermal microsomes using the thin layer chromatography procedure to separate and identify different prostaglandin metabolites as described in Materials and methods. Animals were treated with 0.2 ml acetone alone, 6 mg BTP in 0.2 ml acetone, 5 µg TPA in 0.2 ml acetone, or 6 mg BTP in 0.2 ml acetone 30 min prior to 5.0 µg TPA in 0.2 ml acetone. Twenty-four h after TPA treatment, animals were killed by cervical dislocation, and skin was used to determine enzyme activity as described in Materials and methods. Data represented as cyclo-oxygenase activity (picomoles prostaglandins metabolites/15 min/mg protein) are mean Ϯ SEM of four individual values; the epidermis from two animals was pooled for each determination. P Ͻ 0.01-0.0005 in case of TPA versus BTP plus TPA groups with respect to PGE 2 , PGF 2α and PGD 2 metabolites formation.
per animal produced optimum and significant inhibition of TPA-induced ODC activity, we selected this dose for further studies. Northern blot analysis revealed that topical application of TPA (5 µg) resulted in a marked increase in the concentration of epidermal ODC mRNA. Skin application of BTP 30 min prior to that of TPA resulted in a significant inhibition against TPA-caused induction of epidermal ODC mRNA expression (Figure 2b, top panel) . Densitometric scanning of these blots indicated that BTP inhibited TPA-caused enhanced expression of ODC mRNA by 57%. Bottom panel illustrates the equal loading of RNA samples in each lane.
Inhibition of TPA-caused induction of epidermal cyclooxygenase activity by BTP
The effect of pre-application of BTP on TPA-caused induction of epidermal cyclo-oxygenase activity is shown in Figure 3 . As quantitated by the formation of PGE 2 , PGF 2α and PGD 2 , the application of TPA to the SENCAR mouse skin resulted in a significant induction in epidermal cyclo-oxygenase activity. The application of BTP prior to that of TPA resulted in a significant inhibition of TPA-induced epidermal cyclooxygenase activity as evident by the quantitative analysis of PG metabolites formation. Compared to TPA application alone, pre-application of 6 mg BTP to that of TPA on to the mouse skin resulted in 38, 65 and 50% inhibition (P Ͻ 0.01-0.0005) of PGE 2 , PGF 2α and PGD 2 formation respectively (Figure 3) .
Inhibition of TPA-induced epidermal edema, hyperplastic response and leukocytes infiltration by BTP
Because topically applied dose of 6 mg BTP per animal afforded significant inhibition against TPA-caused induction of ODC and cyclo-oxygenase activities, this dose of BTP was selected to determine whether its application on the skin affords protection against TPA-induced edema, hyperplasia and leukocytes infiltration. As determined by the weight of 1-cm diameter punch of dorsal skin, application of TPA to a Animals were treated once with 0.2 ml acetone, 3 or 6 mg BTP in 0.2 ml acetone, 5 µg TPA in 0.2 ml acetone, or 3 or 6 mg BTP in 0.2 ml acetone followed 30 min later 5 µg TPA in 0.2 ml acetone. Twenty-four h after the TPA treatment, animals were killed, and skin was used for edema or hyperplastic response and leukocytes infiltration as described in Materials and methods. Values in parentheses represent percentage protection by BTP. b Edema response of the skin was determined by weighing 1-cm diameter punch of treated skin, whereas hyperplastic response was determined in the section (5 µm) of the skin, as described in Materials and methods. SENCAR mouse skin showed a significant development of edema (Table I ). The skin application of BTP, 30 min prior to that of TPA, showed 40% inhibition (P Ͻ 0.01) against TPAinduced development of spongiosis.
The effect of pre-application of BTP on TPA-caused induction of epidermal hyperplasia is also shown in Table I . To determine the induction of hyperplastic response in terms of mean epidermal thickness (µm) by TPA and inhibition by BTP, epidermal thickness was measured at five equidistant interfollicular spaces along the length of the epidermis from dermoepidermal junction to the top of stratum corneum. All the five values were averaged and reported as mean epidermal thickness in µm. As shown in Table I , application of TPA (5 µg) and followed 24 h later killing of animals resulted in significant increase in mean epidermal thickness (63 Ϯ 7 µm) when compared to the skin of only acetone treated animals (23 Ϯ 3 µm). Pre-application of BTP to that of TPA resulted in 57% (P Ͻ 0.005) inhibition in the induction of epidermal thickness (40 Ϯ 5 µm) as shown in Table I . The application of TPA also resulted in the infiltration of leukocytes, mainly, neutrophils and monocytes/macrophages in the dermis; this effect of infiltration caused by TPA in the dermis was also partially blocked or reduced by the pre-application of BTP to that of TPA as observed and counted under microscope by using marked grid (Table I ). The application of BTP alone, however, did not induce epidermal edema, hyperplasia or leukocytes infiltration in the skin.
Inhibition of TPA-caused induction of epidermal IL-1α mRNA expression by BTP
In prior studies it has been shown that oral feeding of water extract of black tea as a sole source of drinking water to SKH-1 mice affords protection against UVB-induced skin tumor promotion in DMBA-initiated mice in a dose-dependent manner (4). Because inflammation is considered as an early event in tumor promotion, we thought to assess the effect of BTP against TPA-caused enhanced expression of pro-inflammatory cytokine IL-1 α in SENCAR mouse skin. In a pilot experiment, we found that IL-1α mRNA was low, but detectable in the epidermis of untreated animals. The treatment of the animals with acetone did not affect IL-1α mRNA expression. A single topical application of 5 µg TPA to SENCAR mouse skin resulted in a significant enhancement in IL-1α mRNA expres- Fig. 4 . Inhibitory effect of topical application of BTP on TPA-induced IL-1α mRNA expression in mouse epidermis. Groups of mice were treated with or without BTP 30 min before topical application of 5.0 µg TPA in 0.2 ml acetone. RNA was isolated from the mouse epidermis after treatment of animals with acetone alone, 5.0 µg TPA alone, or 6 mg BTP in 0.2 ml acetone followed by 5.0 µg TPA in 0.2 ml acetone 30 min later. In each lane, 20 µg of RNA was used and the blot was hybridized to 32 P-labeled IL-1α cDNA. The same blot was stripped and reprobed with 32 P-labeled G3PDH cDNA as a control for gel loading. Other details are described in Materials and methods. sion in a time-dependent manner (data not shown). We performed experiments to assess whether BTP affords protection against TPA-caused enhanced expression of pro-inflammatory cytokine IL-1α mRNA in the epidermis. As shown in Figure 4 , it was observed that skin application of BTP (6 mg/0.2 ml acetone/animal) prior to that of TPA resulted in a significant inhibition against TPA-caused induction of epidermal IL-1α mRNA expression. Densitometric scanning of these blots revealed that under the experimental conditions employed, the inhibition was found to be 69% in BTP-pretreated animals.
Discussion
Wang et al. (4) have shown that the administration of water extract of both black tea and decaffeinated black tea as the sole source of drinking water inhibited UVB-induced skin tumorigenesis in DMBA-initiated SKH-1 mice. Since it has been shown that topical application of phorbol ester tumor promoters, particularly TPA, induce epidermal IL-1α and ODC mRNA expression in vivo (10), ODC and cyclo-oxygenase enzyme activities, and other inflammatory responses such as development of cutaneous edema and hyperplastic response (9, 11) , the present study examined the potential role of BTP against skin tumor promoter TPA-caused induction of inflammatory responses (cutaneous edema, epidermal hyperplasia and leukocytes infiltration), and of epidermal IL-1α and ODC mRNA expression in SENCAR mice skin. Our data clearly demonstrate that pre-application of BTP to that of TPA afford significant inhibition of TPA-induced edema, epidermal hyperplasia and leukocytes infiltration in mouse skin. We also found that pre-application of the skin with BTP to that of TPA resulted in inhibition of TPA-caused induction of ODC and cyclo-oxygenase activities, and IL-1α and ODC mRNA expression in mouse epidermis. In earlier studies we have reported identical pattern of inhibition by green tea polyphenols against TPA-caused induction of these inflammatory responses (1, 16, 18) .
In relation to neoplasia, IL-1 has been shown to produce biochemical changes that characteristically occur with tumor promoters (21) . A well characterized effect of IL-1α is its ability to stimulate phospholipase A 2 activity in various cell types (22) (23) (24) (25) (26) , and to induce cyclo-oxygenase activity in epidermal cells (27) (28) (29) . In addition to stimulating leukocyte infiltration into the dermis and keratinocyte proliferation, IL-1 also has been shown to result in the induction of many functions that have association with, inflammation, epidermal hyperplasia and tumor promotion (10, 21, 30) . Prostaglandins, which are the metabolites of arachidonic acid, are one of the major mediators of inflammation (31) . Cyclo-oxygenase converts arachidonic acid to prostaglandin metabolites (PGE 2 , PGD 2 , PGF 2α ). Two isoforms of cyclo-oxygenase (COX) exists: a constitutive (COX-1) and an inducible (COX-2) enzyme. COX-1, is present in almost all cell types, whereas COX-2 is induced in a number of cells by pro-inflammatory stimuli (32) . Extensive evidence suggests that PGs play an important role in tumor promotion and in carcinogenesis in general. First, tumor promoters, especially in the mouse skin system, induce inflammation and hyperplasia, and secondly, stimulate phospholipid metabolism and prostaglandin biosynthesis (reviewed in 12,31). A number of prostaglandins synthesis inhibitors are effective in counteracting tumor promotion and carcinogenesis (12) . IL-1α induces prostaglandin synthesis by epidermal keratinocytes (33) and primes leukocytes to enhance the production of reactive oxygen intermediates (28); the latter have been implicated in the induction of tumor formation (28) . Our study demonstrates that BTP inhibits TPAcaused induction of cyclo-oxygenase activity, and cutaneous edema, hyperplasia and infiltration of polymorphonuclear leukocytes in dermis of SENCAR mouse skin. These inhibitory effects of BTP against TPA-mediated responses in the mouse skin suggesting that the primary effect of BTP may be against inflammatory responses which may then result in inhibition of tumor promotion. Previously, we have also shown that preapplication of green tea polyphenols to that of TPA on to the mouse skin resulted in inhibition of TPA-caused induction of cyclo-oxygenase, ODC and IL-1α mRNA expression (1, 16, 18) . The inhibitory effects caused by BTP are more or less similar to that of green tea polyphenols against TPA-induced inflammatory responses in murine skin. It seems that polyphenols whether these are obtained from green tea or black tea leaves have identical biochemical effects in murine skin against tumor promoters, and thus follow similar mechanisms of inhibition (reviewed in 1).
Gilmour et al. (22) have demonstrated that topical application of TPA induces ODC activity in specific subpopulations of keratinocytes within the epidermis and in the perifollicular region of hair follicles. ODC, the first and the rate-limiting enzyme in the polyamine biosynthetic pathway, is induced maximally in between 4 and 6 h after topical application of TPA (9, 11, 12, 22) . This kinetics is quite similar to those observed in the induction of epidermal IL-1α mRNA expression. The ability of IL-1α to stimulate keratinocyte proliferation which occurs following skin application of TPA, may be a consequence of the induction of ODC activity. Support for this suggestion comes from the work of Endo et al. (34) who have shown the induction of ODC in liver and spleen of mice by IL-1 like factors which are produced from macrophage cell line. Bristol et al. (35) have also shown that IL-1 induces ODC in normal T lymphocytes. Furthermore, the induction of ODC activity by IL-1α and its proliferative action on some tumor cell types have been shown to be closely related (36) . Our data demonstrate that skin application of BTP prior to TPA application inhibits TPA-caused induction of ODC activity and its mRNA expression in mouse skin, the kinetics of this inhibition is similar to that observed in case of IL-1α.
The observations based upon the various studies conducted in different cell lines (34) (35) (36) , tempting to suggest that the induction of IL-1α in skin, following topical application of tumor promoters may lead to the induction of ODC and prostaglandin synthesis by COX-2, which then plays a role in skin inflammation and tumor promotion. A remarkable parallelism between the inhibitory effect of BTP on TPAcaused induction of epidermal ODC and cyclo-oxygenase activities and inhibition of TPA-caused induction of epidermal IL-1α mRNA expression by BTP, further supports this assumption. However, additional studies are required to validate this suggestion, the verification of which could be useful in the assessment of skin tumor promoting and anti-skin tumor promoting activity of chemical agents. Furthermore, since IL-1α is involved in inflammatory dermatoses, its inhibition by BTP suggests that black tea could be useful in prevention of a wide range of skin inflammatory responses. These antiinflammatory properties of BTP may be due to the antioxidant potential of phenolic groups present in the theaflavins and their gallate esters, and catechins. This assumption is supported by the studies of Miller et al. (8) which demonstrated that antioxidant properties of theaflavins and their gallate esters by investigating their abilities to scavenge free radicals in the aqueous and lipophilic phases. These biochemical, cellular or molecular mechanistic studies suggest that the polyphenols present in either type of tea, green tea or black tea, possibly act by similar biochemical and cellular pathways to protect against tumor promoter, TPA-caused inflammatory responses in murine skin (reviewed in 1,2).
